Since the discovery (5) that Staphylococcus aureus produces an extracellular nuclease, considerable study has been done on the chemistry of the isolated enzyme (1, 2). Cunningham et al. (5) found that staphylococcal nuclease differed from pancreatic deoxyribonuclease in that it split the 5' bond leaving fragments with terminal phosphate groups at the 3' position and in that it required calcium for activity. A later investigation (10) indicated that the optimal pH for enzyme production was on the alkaline side of neutrality, and the optimal pH for activity was reported to be about 10.3 (1) . Both deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) were hydrolyzed by the purified enzyme (2, 7) . Nuclease production was found by Weckman and Catlin (10) to parallel growth. It is first detectable in early log phase and reaches a maximum during early maximal stationary phase.
While investigating over 300 strains of staphylococci isolated from hospital patients, Di Salvo (6) found a 100% correlation between the production of coagulase and deoxyribonuclease by these organisms. Burns and Holtman (3, 4) discovered that the vast majority of the strains of S. aureus they isolated from a hospital environment produced deoxyribonuclease and coagulase. They also observed that the strains isolated from typical staphylococcal lesions were more active biochemically than strains isolated from less typical sources, such as sputum, blood, and urine. During the course of their experiments, it was also noted that S. aureus could hydrolyze DNA under aerobic or anaerobic conditions, but that RNA was hydrolyzed only in a state of aerobiosis. Other investigators in our laboratory later observed that Media. The medium for quantitative determination of nuclease production consisted of Brain Heart Infusion (BHI; Difco) to which 8.0 g of glucose and 42.0 mg of NaHCO3 were added per liter. The medium was dispensed into 2-liter flasks. Amounts of 1 liter of the liquid were added to the flasks for aerobic growth, and 1.5-liter amounts were added for anaerobic growth. The flasks for anaerobic culture were sealed with rubber stoppers at the time of sterilization to prevent absorption of air.
Growth conditionis. Cultures (24 hr old) of the stock organisms were used. Each was washed once, and the absorption of the suspensions was adjusted to 1.0 on a Bausch & Lomb Spectronic-20 colorimeter at 600 mn/. Each suspension (1 ml) was used to inoculate 1 liter of medium.
Cultures were grown aerobically and anaerobically for 18 hr at 35 C. At this time the cultures were in early maximal stationary phase. Aeration was accomplished by pumping air into the medium through a 1548 on August 15, 2017 by guest http://jb.asm.org/ PRODUCTION OF STAPHYLOCOCCAL NUCLEASE candle-type porcelain filter. During growth the medium was maintained at pH 7.4 by means of a Radiometer automatic titrator, model TTTI, with a magnetic relay (MRC-1) and an adaptor for Beckman calomel glass electrodes. NaOH (1 M) was titrated into the medium by a stainless-steel solenoid valve attached to a reservoir.
Quantitalion of growth. The cell yield was expressed as the absorbance of the culture. Samples of each culture were diluted with 0.15 M NaCl so that the optical density (OD) was 0.6 or less. The OD values thus obtained were directly proportional to cell concentration. The resulting OD600 was multiplied by the dilution factor to obtain the absorbance of the culture.
Assay ofnuclease activity. A sample of each culture was centrifuged, and the supematant liquid was assayed by a modification of the procedure reported by Alexander et al. (1) . The substrates were thymus DNA and yeast RNA in concentrations of 1.0 mg/ml in 0.1 M tris(hydroxymethyl)aminomethane (Tris) buffer, pH 8.6. The buffer was made 0.01 M with respect to CaCl2. An amount of 1 ml of substrate and 0.1 ml of culture supematant fluid were incubated at 37 C for 20 min in the deoxyribonuclease assays and for 30 min in the evaluation of ribonuclease. After incubation, 0.5 ml of 10% perchloric acid was added, and the tubes were cooled in an ice bath for 15 min. The broth-perchloric acid mixtures were diluted with 2.0 ml of water, and the acid-insoluble nucleic acid was sedimented by centrifugation. organism was assayed for the production of enzyme after growth for 18 hr in both the presence and the absence of air. Preliminary experiments had shown that under the conditions employed the cultures were in maximal stationary phase at 14 to 16 hr. The enzyme was produced under either aerobic or anaerobic conditions as determined on both RNA and DNA ( Table 2 ).
The total amount of enzyme produced under aerobic conditions was much greater than that produced anaerobically. However, when the specific activity was calculated by dividing the total enzyme production of each culture by the cell yield, it was obvious that there was little difference in the amount of enzyme produced per cell.
The different strains of S. aureus used in this study varied considerably with regard to the amount of enzyme produced under the conditions employed. Aerobically S. aureus UT46 had spe- 8 .0, whereas anaerobically a final pH of about 5.5 is attained. Since the optimal pH for enzyme activity is about 9.0, anaerobic conditions would tend to reduce the sensitivity of the test procedure. The addition of mannitol to the DNA agar is not recommended because of the acid produced by mannitol-fermenting strains.
Other investigators have shown that inflammatory exudates contain large amounts of nucleoprotein (8) . It is possible that staphylococcal nuclease could provide the organism with considerable amounts of low molecular weight nutrients from this source. Uracil, which is required by staphylococci for anaerobic growth, might be made available to the organism by such a mechanism. Also, staphylococcal nuclease has been found to be leukocidal and is not neutralized by specific antibody (G. M. Nickerson and W. R. Chesbro, Bacteriol. Proc. p. 77, 1963). It is possible that the enzyme may function in the formation of staphylococcal lesions by protecting the bacterial cell from phagocytosis.
